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Characteristic Caucasian
(N ¼ 510)
Chinese
(N ¼ 201)
FABER test positive 216/1020 (21.2%) 25/402 (6.2%)
F90/IR/add 331/994 (33.3%) 52/400 (13.0%)
ROM_IR <20 degrees 113/1020 (11.1%) 21/402 (5.2%)
Table 2a
Accuracy of diagnostic tests in a Caucasian sample (n¼1020 hips) for radiographic
FAI (at least one of 3 tests present) (prevalence of FAI: 40%)
Test Overall
agreement
Sensitivity Speciﬁcity Positive
predictive
Negative
predictive
Faber (Patrick) 0.57 0.23 0.80 0.43 0.60
IR pain 0.59 0.23 0.83 0.48 0.61
Post impingement 0.59 0.11 0.90 0.43 0.61
f120_add_ir_pain 0.50 0.55 0.47 0.40 0.63
f90_add_ir_pain 0.55 0.35 0.68 0.43 0.60
Anterior Impingement
(f90_add_c_pain)
0.57 0.21 0.81 0.41 0.61
f120_add_c_pain 0.52 0.44 0.57 0.39 0.63
ROM_IR<20 0.63 0.17 0.93 0.62 0.62
ROM_ﬂex<115 0.60 0.16 0.90 0.52 0.61
ROM_IR & FABER 0.61 0.07 0.98 0.69 0.60
ROM_IR & F90_IR 0.61 0.07 0.97 0.68 0.60
Table 2b
Accuracy of diagnostic tests in a Caucasian sample (n¼1020 hips) for radiographic
FAI (at least one of 3 tests present) plus hip pain (prevalence of FAI plus pain: 14%)
Test Overall
agreement
Sensitivity Speciﬁcity Positive
predictive
Negative
predictive
Faber (Patrick) 0.75 0.37 0.82 0.27 0.87
IR_pain 0.77 0.39 0.84 0.33 0.87
Post impingement 0.80 0.18 0.92 0.29 0.86
f120_add_ir_pain 0.53 0.74 0.50 0.20 0.92
f90_add_ir_pain 0.68 0.55 0.70 0.27 0.89
Anterior Impingement
(f90_add_c_pain)
0.75 0.33 0.83 0.26 0.86
f120_add_c_pain 0.59 0.60 0.59 0.18 0.90
ROM_IR<20 0.80 0.22 0.91 0.32 0.86
ROM_ﬂex<115 0.78 0.20 0.89 0.26 0.85
ROM_IR & FABER 0.84 0.13 0.97 0.50 0.85
ROM_IR & F90_IR 0.83 0.11 0.97 0.43 0.85
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with bilateral joint replacements were excluded.
An AP pelvis and bilateral Dunn radiographs were acquired. A trained
reader, blinded to exam ﬁndings, evaluated 3 radiographic signs. FAI
was deﬁned as any one of lateral centre edge angle (LCE) > 40 , alpha
angle > 55 and presence of a cross-over sign.
Patients underwent examination including the anterior impingement
test and 8 other clinical tests (Table 2) related to the detection of FAI. All
tests were found to have good reliability in a previous study (Ratzlaff et
al 2013). Both hips were examined by a PT working in MSK medicine
and blinded to radiographic status.
Analysis. Validity of the FAI PE tests was assessed by a set of measures of
accuracy, including the overall agreement, sensitivity, speciﬁcity and
predictive values (PPV, NPV) of the tests using the radiographic pres-
ence of FAI as the reference standard. Secondary analysis included the
presence of both radiographic FAI and hip pain as the reference
standard. Data was analyzed at the individual hip level using a gener-
alized estimating equation method to incorporate correlation within
one subject.
Results: Both Caucasian and Chinese samples were approximately 2/3
female (Table 1). Caucasians had substantially higher proportions of
positive clinical tests and radiographic FAI. CAM impingement (alpha
angle >55), FABER test and anterior impingement was 3x higher in
Caucasians, and IR<20 2x higher.
Accuracy data for the Caucasian sample are presented in Tables 2 and 3.
When the reference standard was radiographic FAI alone, overall
agreement was about 0.60, sensitivity ranged from 0.11-0.55, and spe-
ciﬁcity for the most common tests high (0.80 - 0.97). PPV ranged from
0.41 - 0.69 and NPV about 0.6. When the reference standard was
radiographic FAI plus hip pain, accuracy generally improved. The
highest overall agreement was for a combination of the IR<20 plus
FABER with overall agreement of 0.84, sensitivity 0.13, speciﬁcity 0.97,
PPV 0.50 and NPV 0.85. A combination of IR<20 and anterior
impingement test was similar.
Conclusions: Caucasians had a substantially higher prevalence of most
positive FAI clinical and radiographic ﬁndings than Chinese. Clinical
tests for FAI generally lack sensitivity but have moderate to high spe-
ciﬁcity and negative predictive values, particularly in the presence of
hip pain.
This is the largest diagnostic accuracy study and ﬁrst population-based
study of the diagnostic accuracy of FAI clinical tests. Other studies have
been small and suffer from spectrum bias, using subjects with hip pain
and intra-articular pathology.
Low sensitivity was not unexpected. Radiographic FAI is an osseous
ﬁnding not a diagnosis. Its presence is not a sine qua non for pain or
pathology, but increases the likelihood of both given certain types of hip
movement. Other conditions at the hip (e.g., labral tears, dynamic FAI,
soft tissue inﬂammation and injury) can produce positive tests in the
absence of bony FAI. Lastly, the radiographic criteria for FAI are evolving
and may become more stringent in the future.Table 1
Characteristic Caucasian
(N ¼ 510)
Chinese
(N ¼ 201)
*Age e year 42.6 ± 7.3 Not available
Age group e no. (%)
20-29 50(10%) 41 (20.5%)
30-39 109 (21.8%) 38(19.0%)
40-49 342 (68.3%) 121 (60.5%)
Gender e no. (%)
Male 179 (35.7%) 67 (33.5%)
Female 322 (64.3%) 133 (66.5%)
BMI 26.6± 6.05 Not available
Underweight (BMI less than 18.5) 5 (0.98%)
Healthy weight (BMIs 18.5 to 24.9) 239 (46.9%)
Overweight (BMIs 25 to 29.9) 159 (31.2%)
Obese (BMI 30 and over) 107 (21%)
Hips-based (N¼1020) Hips-based
(N¼402)
Alpha >55 199/995 (20%) 33/399 (8.3%)
LCE>40 69/995 (6.9%) 12/399 (3.0%)
cross over- ﬁgure 8 204/994 (20.5%) 96/399 (24.1%)261
PROSPECTIVE EVALUATION OF MUSCULOSKELETAL INJURY HISTORY
AS PREDICTORS FOR ANTERIOR CRUCIATE LIGAMENT INJURY RISK:
THE JUMP-ACL STUDY
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Purpose: Anterior cruciate ligament (ACL) injuries occur in as many as
250,000 Americans each year. Within 10 years following ACL injury, 1 in
3 individuals who sustain an ACL injury demonstrate signs of knee
osteoarthritis (OA), regardless of whether or not they underwent ACL
reconstruction. Radiographic evidence of knee OA rises to 52% in ACL /
meniscus injured patients at 12 years post-injury. Therefore, it is
important to understand incident ACL injury risk factors, given the
accelerated progression to OA in those suffering an ACL injury. Prior
history of ACL injury increases an individual’s ACL injury risk by 4-6
times to both the previously injured and healthy contralateral limb.
However, it is unknown if other, more common musculoskeletal (MSK)
injuries are also associated with an elevated risk of ACL injury. Identi-
fying the association between prior MSK injuries and incident ACL
injury may help identify those individuals with elevated risk for future
ACL injury and injury-mediated knee OA. These individuals may then be
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416A172targeted for ACL injury prevention efforts. Therefore, the objective of
this study was to determine if history of speciﬁc MSK injuries are pro-
spective risk factors for incident ACL injury.
Methods: Healthy, physically active ﬁrst year cadets (n¼5,689, mal-
es¼3,496; females¼2,193; age¼18.6±0.6 yrs, ht¼173.5±9.2 cm,
wt¼71.9±12.9 kg) were enrolled between 2005 to 2009 at the U.S.
Military, U.S. Air Force and U.S. Naval Academies. Participants completed
a self-report injury history questionnaire on prior injuries to the lower
extremity over the past 6 months. History of the following speciﬁc
injuries was obtained: ankle sprain, shin splints, knee swelling/popping,
knee meniscus injury, patellofemoral pain, and hip injury. Active sur-
veillance was conducted for all participants with no prior history of ACL
reconstruction at study baseline and participants were followed pro-
spectively through the closed healthcare system at each site during their
four years at each academy. Separate poisson regression models were
used to estimate ACL injury incidence rate ratios for each MSK injury
(adjusted for gender, testing site, and year of enrollment).
Results: Of the 5,689 participants with no prior history of ACL recon-
struction, 117 were later diagnosed with an incident ACL injury during
the 4-year follow up period. The 4-year risk of ACL injury was 2.0% (95%
conﬁdence interval [CI] ¼ 1.7%, 2.4%). Participants with a previous his-
tory of an ankle sprain were at increased risk for incident ACL injury
(rate ratio [RR] ¼ 1.89, 95% CI ¼ 1.25, 2.86, p ¼ 0.002). Risk of ACL injury
was not inﬂuenced by prior history of shin splints (RR ¼ 1.01, 95%CI ¼
0.69, 1.48, p ¼ 0.96), knee swelling/clicking (RR ¼ 1.01, 95%CI ¼ 0.67,
1.51, p¼ 0.97), severe knee pain (RR¼ 1.06, 95%CI¼ 0.54, 2.10, p¼ 0.85),
knee meniscus injury (RR ¼ 1.12, 95%CI ¼ 0.28, 4.53, p ¼ 0.87), patel-
lofemoral pain (RR¼ 0.95, 95%CI¼ 0.55,1.63, p¼ 0.84), or hip injury (RR
¼ 0.87, 95%CI ¼ 0.28, 2.75, p ¼ 0.81).
Conclusions: These results suggest that at least one baseline injury
history factor (history of an ankle sprain) could be used by health care
providers to target ACL injury prevention efforts. Interestingly, prior
injury to the hip, knee and shin were not associated with future ACL
injury risk. Ankle sprain events may be similar to ACL injury events in
that an unexpected perturbation occurs where the neuromuscular
system is unable to mitigate injury forces. Because ACL injury is most
common in people between the ages of 15-24 years, these individuals
develop knee OA very early in life adding to a myriad of inactivity
related physical and psychological co-morbidities. Targeting individuals
with a history of ankle sprain for ACL injury prevention efforts may help
prevent incident ACL injury and subsequently reduce the risk of knee
OA development. (Funded by the NIAMS Division of the National
Institutes of Health, #R01-AR050461001)
262
EPIDEMIOLOGY OF SHOE WEARING PATTERNS OVER TIME IN OLDER
WOMEN: ASSOCIATIONS WITH CURRENT FOOT PAIN AND HALLUX
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H.B. Menz y,z, E. Roddy z, M. Marshall z, M.J. Thomas z, T. Rathod z,
H.L. Myers z, G.M. Peat z. y Lower Extremity and Gait Studies Program, Sch.
of Allied Hlth., La Trobe Univ., Bundoora, Australia; zArthritis Res. UK
Primary Care Ctr., Res. Inst. for Primary Care and Hlth.Sci., Keele Univ.,
Keele, Staffordshire, United Kingdom
Purpose: Foot pain, deformity and osteoarthritis are highly prevalent in
older women and are thought to be associated with the wearing of
footwear with a constrictive toe box and elevated heel. The aims of this
study were to (i) examine shoe wearing patterns over time in older
women in relation to the shape of the toe box and the height of the heel,
and (ii) evaluate associations between these footwear characteristics
and current foot pain and hallux valgus.
Methods: Participants were women aged 50 years registered with
four general practices in North Staffordshire who completed a Health
Survey. The survey included a footwear question in which partic-
ipants were presented with line drawings of four toe box shapes
(broad, slightly narrow, moderately narrow and very narrow) and
four heel heights (ﬂat, low, medium and high). For each period of
their life (divided into decades, commencing with 20-29 years of
age), participants were asked to indicate which toe box shape and
heel height they wore most of the time. Participants were asked
whether they had current pain in and around their foot, and self-
reported hallux valgus was assessed using a validated line drawing
instrument. Associations between footwear characteristics (toe box
shape and heel height), foot pain and hallux valgus were examined
using logistic regression.Results: Health Surveys were received from 2,670 women (mean age
65.6 years, SD 9.9). The wearing of shoes with a very narrow toe box
and high heel between the ages of 20-29 years was common (38% of
the sample) but decreased to less than 10% by the age of 40 years. A
cohort effect was observed, whereby women born in the 1940s were
more likely to wear shoes with a narrower toe box and higher heel
aged 20-29 years (i.e. during 1960s). Current foot pain was not
associated with toe box shape or heel height. However, a dose-
response relationship was observed between narrow toe box foot-
wear worn aged 20-29 years and risk of hallux valgus aged 50þ
years (compared with broad toe box: crude OR (slightly narrow):
1.96; 95% CI 1.03, 3.71), OR (moderately narrow): 2.39; 1.29, 4.42);
OR (very narrow): 2.70; 1.46, 5.00). Increased risk of hallux valgus
was also evident in those who wore shoes with a very narrow toe
box (1.93, 1.10 to 3.39) aged 30-39 years. These associations
appeared consistent when stratiﬁed by 10-year birth cohort.
Conclusions: Women tend to wear shoes with a broader toe box and
lower heel as they age. However, wearing constrictive footwear
between the ages of 20 and 39 years may be a critical period of exposure
for the development of hallux valgus in later life.
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EXERCISE VERSUS ANALGESICS FOR KNEE OSTEOARTHRITIS PAIN: A
META-EPIDEMIOLOGICAL STUDY OF COCHRANE SYSTEMATIC
REVIEWS
M. Henriksen, J.B. Hansen, L. Klokker, h. Bliddal, R. Christensen. The
Parker Inst., Copenhagen, Denmark
Purpose: To estimate the comparative effectiveness of exercise inter-
ventions versus orally administered analgesics (pharmacological pain
relief interventions) for pain in patients with knee osteoarthritis (OA).
Methods: The Cochrane Database of systematic reviews was searched
for meta-analyses of randomised controlled trials (RCTs) comparing
exercise versus orally administered analgesics, with a control group
(placebo or usual care) and with pain as an outcome. From the included
reviews, individual studies were identiﬁed and assessed for eligibility.
Eligible studies had to be RCTs with an intervention control (sham,
placebo, or no intervention), include patients with knee OA, and include
pain as an outcome. From the eligible studies information about inter-
vention (drug name or exercise type), comparator type, number of
participants, pain measure, and effect estimates on pain (either by
groups or as differences among groups) were extracted. If more than
one analysis on pain was included in a study, we extracted estimates
from the ﬁrst analysis presented in the Cochrane review, assuming it to
be the main analysis on pain. The extracted effects on pain were
standardised and presented as standardised mean differences (SMDs).
We combined study-level effects on pain with a mixed effects meta-
analysis (study as random) and compared effect sizes between exercise
trials and trials with analgesic interventions (intervention as ﬁxed). SAS
v 9.3 was used for the analyses, based on a Restricted Maximum Like-
lihood (REML) model. Fixed effects analysis was used to test the
robustness of the ﬁndings. Secondary analyses were done stratifying by
speciﬁc intervention (type of analgesic and exercise type).
Results: We included six Cochrane reviews (four pharmacology, two
exercise). From these reviews, 54 trials were eligible (20 pharmacology,
34 exercise),with 9,806participants (5,627 pharmacology, 4,179exercise)
in 56 comparisons (35 exercise and 21 analgesics). The exercise studies
included land based and aquatic exercise, and the studies on analgesics
included acetaminophen, NSAIDs, and opioids. The pooled effect size of
pharmacological pain interventions was 0.41 SMD (95% conﬁdence
interval (CI): 0.23 to 0.59; P<0.0001) and for exercise it was 0.46 SMD
(95% CI: 0.34 to 0.59; P<0.0001). Across all studies, the overall between-
studyheterogeneitywas considerable,with an inconsistency index (I2) of
54% (48% in the exercise trials and 63% in the pharmacology trials). There
was no statistically signiﬁcant difference between the two types of
intervention (difference: 0.06 SMD (95% CI: -0.28 to 0.16; P ¼ 0.61). The
ﬁxed effects analysis, however, resulted in a statistically signiﬁcant dif-
ference of 0.10 (95% CI: 0.01 to 0.19) in favour of exercise, indicating
serious inconsistency in the available data. In the stratiﬁed analysis we
found no statistically signiﬁcant differential responses on pain.
Conclusions: This meta-epidemiological study provides indirect evi-
dence that for knee OA pain, the effects from exercise and from oral
analgesics are comparable. These results may support clinical man-
agement of patients who for some reason are unable to exercise or who
consider exercise as unviable and analgesics as a more feasible choice.
